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1 Introduction
Image and video compression algorithms are an important part of many transmissions
and storage systems. The main goal of this progress report is to summarize our findings
over the past three years in the area of video compression and transmission over packet
switched networks.

2 Video Communication over Packet Switched Net-works
With ever growing network resources, video communication is already an important part
of today's Internet applications. Over the past five years, we have developed novel tech-
niques for unicast and multicast video transmission over today's best effort networks. Our
approach as been to address compression and networking issues jointly, rather than two
separate, disjoint problems. In what follows, I describe our findings in the area of video
communication over packet switched networks [2, 8, 14, 20, 27].

2.1 Packet Classification Schemes for Streaming Video over
Delay and Loss Differentiated Networks
Differentiated services (DiffServ) has been under investigation by IETF to provide rela-
tively simple and coarse traffic differentiation in the Internet. In the past few years, we
have developed a framework for transmitting MPEG video by dividing the bit-stream into
sub-streams of different delay and loss requirements [14]. The sub-streams are then trans-
ported using multiple DiffServ traffic classes of different bandwidth, transmission delay,
and packet loss characteristics. The use of multiple traffic classes to carry video improves
network utilization as packets are transmitted in traffic classes with QoS commensurate
to their requirements, rather than all in the "best" class. This is related to the existing
use of scalable coding for loss-differentiated networks. However, in this work, we consider



non-scalable MPEG video due to the abundance of existing content, and also consider loss
and delay differentiations simultaneously. We have developed a number of packet classifi-
cation schemes for MPEG bit-stream based on delay and loss characteristics of the data,
and compared them using commercial DVD content. We have simulated transmission of
DVD movies over a DiffServ enabled network, and shown a distortion reduction of over
4 dB using a packet classification scheme optimized for loss. We have developed another
packet classification scheme optimized for delay which reduces end-to-end playback time
by 30 ms as compared to packet classifiers that treat the MPEG stream as homogeneous.

2.2 Error Control for Video Multicast using Hierarchical FEC
Bit-rate scalable video compression with layered multicast has been shown to be an effec-
tive method to achieve rate control in heterogeneous networks. Over the past few years,
we have advocated the use of hierarchical FEC as an error control mechanism that al-
lows receivers to individually trade-off latency for received video quality [2, 20, 27]. The
scheme is efficient since FEC packets are used to protect only the more important data
layers and is multicast only to receives that need them, thereby improving network uti-
lization. Furthermore, there is no loss in error correcting capability by using hierarchical
FEC when maximum distance separable codes are used. Actual MBONE experiments
were performed to evaluate the performance of the proposed scheme.

3 Signal Decomposition on Over-complete Basis with Applications to
Video Coding
Video compression is important in many applications, including video telephony, stream-
ing video over the internet and wireless video communication systems where bandwidth
is a premium. Since 1992, we have focused our efforts on developing a new class of low
bit rate video compression algorithms based on over-complete signal expansion techniques
such as matching pursuit (MP). Over-complete signal decomposition using matching pur-
suits has been shown to be an efficient technique for coding motion residual images in a
hybrid video coder. In what follows, I will outline highlights of our efforts on matching
pursuits based video coding over the past three years [4, 9, 16, 23, 26, 11, 12].

3.1 Dictionary Approximation for Matching Pursuit Video Coding
Dictionary design is an important issue for matching pursuits based video coding sys-
tem, and others have shown alternate dictionaries which lead to either coding efficiency
improvements or reduced encoder complexity. Over the past few years, we have intro-
duced for the first time a design methodology which incorporates both coding efficiency
and complexity in a systematic way[1 6]. The key to our new method is an algorithm
which takes an arbitrary 2-D dictionary and generates approximations of the dictionary
which have fast 2-stage implementations. By varying the quality of the approximation,
we can explore a systematic tradeoff between the coding efficiency and complexity of the
matching pursuit video encoder. As a practical result, we show cases where complexity is
reduced by a factor of 500 to 1000 in exchange for small coding efficiency losses of around
0.1 dB PSNR.

3.2 Modulus Quantization for Matching Pursuit Video Coding
Unlike orthogonal decomposition, matching pursuit uses an in-the-loop modulus quantizer
which must be specified before coding begins. This complicates the quantizer design,
since the optimal quantizer depends on the statistics of the matching pursuit coefficients
which in turn depend on the in-loop quantizer actually used. Over the past few years, we
have addressed the modulus quantizer design issue, specifically developing frame-adaptive



quantization schemes for the matching pursuit video coder [4, 23, 26]. Adaptive dead-
zone subtraction is shown to reduce the information content of the modulus source, and
a uniform threshold quantizer is shown to be optimal for the resulting source. Practical
2-pass and 1-pass algorithms are developed to jointly determine the quantizer parameters
and the number of coded basis functions in order to minimize coding distortion for a given
rate. The compromise 1-pass scheme performs nearly as well as the full 2-pass algorithm,
but with the same complexity as a fixed quantizer design. The adaptive schemes are
shown to outperform the fixed quantizer used in earlier works, especially at high bit rates
where the gain is as high as 1.7 dB.

3.3 Matching Pursuits Multiple Description Coding for Wireless Video
Multiple description coding (MDC) is an error resilient source coding scheme that creates
multiple bit-streams of approximately equal importance. Over the past few years, we have
developed a 2 description video coding scheme based on the 3 loop structure proposed
earlier [11]. We modify the discrete cosine transform structure to the matching pursuits
framework and evaluate performance gain using maximum likelihood (ML) enhancement
when both descriptions are available. We find that ML enhancement works best for low
motion sequences. Performance comparison is made between our MDC scheme and single
description coding (SDC) schemes over two-state Markov channels and Rayleigh fading
channels. We find that MDC outperforms SDC in bursty slowly varying environments.
In the case of Rayleigh fading channels, interleaving helps SDC close the gap and even
outperform MDC depending on the amount of interleaving performed, at the expense of
additional delay.

3.4 Learning Dictionaries for Matching Pursuits Based Video Coders
Over the past few years, we have developed a learning scheme for designing dictionaries
of two-dimensional functions for matching pursuits (MP) based video coding [12]. The
motivation is to improve the performance of such codecs by adapting the structure of
the dictionary functions to specific bit-rates of types of sequences. The scheme we have
developed is based on vector quantization (VQ), and uses an inner-product based distor-
tion measure. The different processing steps, consist of data extraction from the motion
compensated error frames, training, pruning, and testing. We have found that for high
bit-rate QCIF sequences we can achieve improvements of up to 0.66 dB.

3.5 Rate Control Layered Video Compression Using Matching Pursuits
Over the past few years, we have developed a multi-pass rate control scheme for SNR
scalable encoding based on MP [21]. The rate control algorithm enforces constant
quality on each layer, while keeping the bit budget for each layer at a pre-specified target
level. We formulate this as a zero finding problem, and solve it using Newton's method.
Experimental results on 14 video sequences are included, showing that layered video can
be encoded at constant quality in about 5 encoding iterations per layer, while satisfying
bit budget constraints with 1:5/tolerance.

4 Content Analysis of Web Multimedia Documents
The amount of information on the World Wide Web has grown enormously since its creation
in 1990. Since there is no central management on the web, duplication of content is
inevitable. As reported by Shivakumar and Garcia-Molina in 1998, about 46% of all
the text documents on the web have at least one \near-duplicate" { document which is
identical except for low level details such as formatting. The problem is more severe for
videos as they are often mirrored in multiple locations, formats and bitrates to facilitate



downloading and streaming. Multimedia authoring tools also enable users to slightly
modify existing video clips and to republish them on the web. An efficient algorithm to
identify similar videos can therefore be beneficial to many web retrieval scenarios such
as presenting uncluttered search results, and providing alternatives in the case of expired
links or network outages.

Over the past few years, we have developed an efficient algorithm called video signature
to detect similar video sequences for large databases such as the web. The idea is to first
form a "signature" for each video sequence by selecting a small number of its frames
that are most similar to a number of randomly chosen seed images[15, 19]. Then the
similarity between any two video sequences can be reliability estimated by comparing
their respective signatures. Using this method, we achieve 85% recall and precision ratios
on a test data based of 377 video sequences. As a proof of concept, we have applied our
proposed algorithm to a collection of 1800 hours of video corresponding to around 45000
clips from the web. Our results indicate that, on average, every video in our collection
from the web has around five similar objects.

We have also developed a new signature clustering algorithm to further improve re-
trieval performance[1 0]. The algorithm treats all the signatures as an abstract threshold
graph, where the threshold is determined based on local data statistics. Similar clus-
ters are identified as highly connected regions in the graph. This algorithm outperforms
simple thresholding and hierarchical clustering techniques in identifying a set of manually-
determined similar clusters from a dataset of 46,356 web video clips. At 95% precision,
our algorithm attains 85while simple thresholding and complete-link hierarchical scheme
attain 67to the entire dataset, 6,900 similar clusters are identified, with an average cluster
size of 2.81 video clips. The distribution of cluster sizes follows a power-law distribution,
which has been shown to describe many web phenomena.

5 Interactions/Transitions
The Matching Pursuits research described in section 3 has been patented at U.C. Berkeley
and been available for licensing to companies since 1998. Truvideo has licensed this
technology from U.C. Berkeley and is currently commercializing it. As of 2003, matching
pursuits based video is live on Verizon Wireless, U.S. Cell, and AlItel in the U.S. and on
Hutchison in Thailand.

6 Publications
Below is the list of publications resulting from this grant. Specifically this grant resulted
in 9 journal publications, and 18 conference publications.
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